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DuallO-BitTxDAC™ * 
with 2x Interpolation Filters 




FEATURES 

Complete 10-Bit, 40 MSPS Dual Transmit DAC 

Excellent Gain and Offiset Matching 

Differential Nonlinearity Error: 0.5 LSB 

Signal-to-Noise and Distortion Ratio: 58 dB 

Spurious-Free Dynamic Range: -65 dB 

2x Interpolation Filters 

20 MSPS/Channel Data Rate 

Single Supply: 4-2.7 V to 45.5 V 

Low Power Dissipation: 200 mW (43 V Supply @ 

40 MSPS) 
On-Chip Reference 
28-Lead SSOP 



PRODUCT DESCRIPTION 

The AD 9761 is a complete dual channel, high speed, 10-bit 
CMOS DAC. TheAD9761 has been developed specifically for 
use in wide bandwidth communication applications (e.g., spread 
spectrum) where digital I and Q information is being processed 
during transmit operations. It integrates two 10-bit, 40 M SPS 
DACs, dual 2x interpolation filters, a voltage reference, and 
digital input interface circuitry. T he AD 9761 supports a 
20 M SPS per channel input data rate which is then interpolated 
up to 40 M SPS before simultaneously updating each DAC . 

T he interleaved I and Q input data stream is presented to the 
digital interface circuitry which consists of I and Q latches as 
well as some additional control logic. ThedMa i^e- interleaved 
bacl< into its original I and Q data. An on-cnrl^ state machine 
ensures the proper pairing of I and Q data. T he data output i 
from each latch is then processed by a 2x digital interpolation 
filter which eases the reconstruction filter requirements. T he 
interpolated output of each filter serves as the input of their 
respective 10-bit DAC. 

T he DACs utilize a segmented current source architecture com- 
bined with a proprietary switching technique to reduce glitch 
energy and to maximize dynamic accuracy. Each DAC provides 
differential current output thus supporting single-ended or 
differential applications. Both DACs are simultaneously up- 
dated and provide a nominal full-scale current of 10 mA. Also, 
the full-scale currents between each DAC are matched to within 
0.02 dB (i.e., 0.19%), thus eliminating the need for additional 
gain calibration circuitry. 

The AD 9761 is manufactured on an advanced low cost CMOS 
process. It operates from a single supply of 2.7 V to 5.5 V and 
consumes 250 mW of power. To mal<e the AD9761 complete it 
also offers an internal 1.20 V temperature compensated bandgap 
reference. 
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PRODVtT HIGHLIGHTS 

1. Dual 10-bit, 40 M SPS DACs: A pair of high performance 
40 M SPS DACs optimized for low distortion performance 
provide for flexible transmission of I and Q information. 

2. 2x Digital Interpolation Filters: Dual matching FIR interpo- 
lation filters with 62.5 dB stop band rejection precede each 
DAC input thus reducing the DACs' reconstruction filter 
requirements. 

3. Low Power: CompleteCM OS Dual DAC function operates 
off of a low 200 mW on a single supply from 2.7 V to 5.5 V 
T he DAC full scale current can be reduced for lower power 
operation, and a sleep mode is provided for power reduction 
during idle periods. 

4. On-Chip Voltage Reference: T he AD 9761 includes a 1.20 V 
temperature compensated bandgap voltage reference. 

5. Single 10-Bit Digital Input Bus: The AD 9761 features a 
flexible digital interface allowing each DAC to be addressed 
in a variety of ways including different update rates. 

6. Small Pacl<age: The AD 9761 offers the complete integrated 
function in a compact 28- lead SSOP package. 

7. Product Family: TheAD9761 Dual Transmit DAC hasa 
pairof Dual ReceiveADC companion products, theAD9281 
(8 bits) and AD 9201 (10 bits). 
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AD9761- SPECIFICATIONS 

DC SPECIFICATIONS (Thin to Tmax, AVDD = +5 V, DVDD = +5 V, Iqutps = 10 mA, unless otherwise noted) 



Parameter 



Min 



Typ 



Max 



Units 



RESOLUTION 



10 



Bits 



DC ACCURACY^ 
I ntegral L i nearity E rror ( I N L ) 
Ta = +25°C 

T M IN to T MAX 




LSB 



DIFFERENTIAL (DNL) 
Ta =+25°C 

TmIN tOTMAX 

M onotonicity( 10-Bit) 



0.5 



LSB 



GUARANTEE DOVER RAT ED SPECIFICATION TEMPERATURE RANGE 



ANALOG OUTPUT 










Offset Error 




±0.025 




% of FSR 


Offset M atching between DACs 








% of FSR 


Gain Error (Without Internal Reference) 








% of FSR 


Gain Error (With Internal Reference) 








% of FSR 


Gain M atching between DACs 








% of FSR 


F ull-Scale utput C urrent^ 




10 




mA 


Output Compliance Range 




1.25 




V 


Output Resistance 




100 




ka 


OutDut Caoacitance 




5 




dF 


REFERENCE OUTPUT 










Reference Voltage 




1.20 




V 


Reference utput C urrent^ 




1 




MA 


REFERENCE INPUT 










Input Compliance Range 


0.1 




1.25 


V 


Reference Input Resistance 








M Ll 


TEMPERATURE COEFFICIENTS 










U nipolar Offset D rift 









nnm/°C 


Gain Drift (without Internal Reference) ^ 




±50 




ppm/°C 


Gain Drift (with Internal Reference) \ ^ 




100 




ppm/°C 


Gain M atching Drift (Between DACs) 








ppm/°C 


Reference Voltage D rift 






100 


ppm/°C 


POWER SUPPLY 










AVDD 










Voltage Range 


2.7 


5.0 


5.5 


V 


Analog Supply Current (Uvdd) 




25 


35 


mA 


DVDD 


2.7 


5.0 


5.5 


V 


Voltage Range 


2.7 


5.0 


5.5 


V 


D igital Supply C urrent at 5 V (Idvdd) * 




70 


80 


mA 


Digital Supply Current at 3 V (Idvdd) * 




35 


40 


mA 


Nominal Power Dissipation^ 










AVDD and DVDD at 3 V 




200 


230 


mW 


AVDD and DVDD at 5 V 




500 


650 


mW 


Power Supply Rejection Ratio (PSRR)-AVD D 


-0.2 




+0.2 


% of FSR/V 


Power Supply Rejection Ratio (PSRR)-DVDD 


-0.025 




+0.025 


% of FSR/V 


OPERATING RANGE 


-40 




+85 


"C 



NOTES 

easured at lOUTA and QOUTA, driving a virtual ground. 
^Nominal full-scale current, lOUTFS, is 15xthel 

REF current. 

^Use an external amplifier to drive any external load. 
"M easured at fcLocK = 40 M SPS and four = 8 M H z. 

'Measured as unbuffered voltage output into 50 £2 Rload at I OUT A, lOUTB, OOUTA, and OOUTB, fcLocK =40 M SPS and four = 8 M Hz. 
Specifications subject to change without notice. 
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(Tmin to Tmax, AVDD = +5 V, DVDD = +5 V, lOUTFS = 10 mA, Differential Transformer Coupied 
DYNAMIC SPECIFICATIONS output, so a Ooubiy Terminated, uniess otiierwise noted) 



Parameter 


Min 


Typ 


Max 


Units 


DYNAMIC PERFORMANCE 










M aximum Output U pdate Rate 


40 






M SPS 


Output Settling T irme (1st to 0.025%) 




35 




ns 


Output Propagation Delay (tpp) 




55 




f 1 _ _ 1 ,_1 

C locks 


G litch 1 mpulse 




c 
3 




pv-s 


OutDut RiseTime (10% to 90%1 




2.5 




ns 


Output Fall Time (10% to 90%) 




2.5 




ns 


AC LINEARITY TO NYOUIST 










Signal-to-N oise and Distortion (SI NAD) 










TOUT — -> N n Z, L LUL l\ — 4U m n Z 




1 □ U 




dB 


T otal H armonic D istortion (T H D ) 










FouT = 5 MHz; CLOCK =40 MHz 




TBD 




dB 


Spurious-F ree Dynamic Range (SF D R) 










F OUT = 5 M Hz; CLOCK = 40 M Hz; 20 M Hz Span 




70 




dB 


DIGITAL SPECIFICATIONS (TM,NtoTM«x,AVDD = 


+5V,DVDD = 


+5V,I0UTFS = 


10 mA uniess otiierwise noted) 


Parameter 


Min 


Typ 


Max 


Units 


DIGITAL INPUTS 










Logic "1" Voltage© DVDD =+5V 


3.5 


5 




V 


Logic "1" Voltage® DVDD = +3 V 


2.1 


3 




V 


Logic "0" Voltage® DVDD = +5 V 







1.3 


V 


Logic "0" Voltage® DVDD = +3V 




^ 


0.9 


V 


Logic "1" Current 


-10 




+10 


mA 


Logic "0" Current 


-10 




+10 


mA 


Input Capacitance 




5 




PF 


Input Setup T ime (ts) ^ 




3 




ns 


Input H old T ime (tn) 




2 




ns 


CLOCK High ' m ^ 




^ TBD 




ns 


CLOCK Low \ 




TBD 




ns 



Specifications subject to change without notice. 



1 



DB9-DB0 
DAC 
INPUTS 



tH 



I" DATA II "Q"DATA 



tciNV 



tciNV is invalid window where CLOCK 
must not appear relative to WRITE 



tciNV = WRITE rising edge = 1 ns 



tciNV ""ax = WRITE rising edge = S ns 



Notes: WRITE and CLOCK can be tied 
together 



Figure 1. Timing Diagram 
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DIGITAL FILTER SPECIFICATIONS 


(TMiNtoT„Ax,AVDD = 
otherwise noted) 


+2.7Vto5.5V,DVDD = 


+2.7Vto5.5V,IOUTFS = 


10 mA unless 


Parameter 


Min 


Typ 


Max 


Units 


MAXIMUM INPUT CLOCK RATE (Fclock) 


50 






M SPS 


DIGITAL FILTER CHARACTERISTICS 
Passband Widthi; 0.005 dB 
Passband Width: 0.01 dB 
Passband Width: 0.1 dB 
Passband Width: -3 dB 
L inear Phase (F 1 R Implementation) 
Stopband Rejection: 0.3 Fclock to 0.7 Fclock 
Group Delay^ 




0.2010 
0.2025 
0.2105 
0.239 

-62.5 
32 




F Oil t/F r 1 nric 
Fqut/Fclock 
Fout/Fclock 
Fout/Fclock 

dB 

Input Clocl<s 


Impulse Response Duration^ 
-40 dB 
-60 dB 




28 
40 




Input Clocks 
Input Clocks 



NOTES 

^ExcludesSINX/X characteri sti c of D A C . 

^Defined as the number of data clock cycles between impulse Input and peak of output response. 

'55 Input clock periods from Input to "I" DAC, 56 to "Q" DAC. Propagation delay Is delay from data Input to DAC update. 
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Figure 2a. FIR Filter Frequency Response 
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Tablel. Integer Filter CoefficieiTtsfor43-TapHalfband 
FIR Filter ♦ 



Lower Coefficient 


Upper Coefficient 


Integer Value 


H(l) 


H(43) 


1 


H(2) 
H(3) 


H(42) 
H{41) 



3 


H(4) 


H(40) 





H(5) 


H(39) 


8 


H(6) 


H(38) 





H(7) ^ 


H(37) 


-16 


H(8) 


H{36) 





H(9) 


H(35) 


29 


H(10) 


H(34) 





H(ll) 


H(33) 


-50 


H(12) 


H(32) 





H(13) 


H(31) 


81 


H(12) 


H(30) 





H(15) 


H(29) 


-131 


H(16) 


H(28) 





H(17) 


H(27) 


216 


H(18) 


H(26) 





H(19) 


H(25) 


-400 


H(20) 


H(24) 





H(21) 


H(23) 


1264 


H(24) 




1998 



10 



15 20 25 30 
TIME -SAMPLES 



35 



40 



Figure 2b. FIR Filter Impulse Response 
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ORDERING GUIDE 





Package 


Package 


Model 


Description 


Option 


AD9761ARS 


28-Lead Shrink Small Outline (SSOP) 


RS-28 


AD9761-EB 


Evaluation Board 





THERMAL CHARACTERISTICS 
Thermal Resistance 

28-Pin SSOP 
ejA= 109°C/W 



ABSOLUTE MAXIMUM RATINGS* 



Parameter 


With 

Respect to 


Min 


Max 


Units 


AVDD 


ACOM 


-0.3 


+6.5 


V 


DVDD 


DCOM 


-0.3 


+6.5 


V 


ACOM 


DCOM 


-0.3 


+0.3 


V 


AVDD 


DVDD 


-6.5 


+6.5 


V 


CLOCK, WRITE 


DCOM 


-0.3 


DVDD+0.3 


V 


SELECT, SLEEP 


DCOM 


-0.3 


DVDD+0.3 


V 


Digital Inputs 


DCOM 


-0.3 


DVDD+0.3 


V 


lOUTA, lOUTB 


ACOM 


-1.0 


AVDD +0.3 


V 


OOUTA, OOUTB 


ACOM 


-1.0 


AVDD +0.3 


V 


COM PI, COM P2 


ACOM 


-0.3 


AVDD +0.3 


V 


COM P3 


ACOM 


-0.3 


AVDD +0.3 


V 


REFIO, FSADJ 


ACOM 


-0.3 


AVDD +0.3 


V 


REFLO 


ACOM 


-0.3 


+0.3 


V 


Junction Temperature 


+150 


°C 






Storage Temperature 


-65 


+150°C 






Lead Temperature (10 sec) 


+300 


°C 







*T his is a stress rating only; functional operation ofthedevice at theseoranyotherconditionsabove those 
listed in the operational sections of this specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



TEKTRONIX 
AWG-2021 
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-N 
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-V 




DAC 



To HP3589A 
Spectrum/NetworkAnalyzer 
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SLEEP 

— o— 



LE CROY 9210 
PULSE GENERATOR 



'AWG2021 CLOCK retimed such that Digital data 
transitions on falling edge of S0% duty cycle CLOCK. 



Figure 3. Application 

CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD9761 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 



WARNING! ^ 
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PIN FUNCTION DESCRIPTIONS 



Pin No. 


Name 


Description 


1 


DB9 


M ost Significant Data Bit (M SB). 


2-9 


DB8-DB1 


Data Bits 1-8. 


10 


DBO 


Least Significant Data Bit (LSB). 


11 


CLOCK 


Cioci< Input. Both DACs' outputs updated on positive edge of cloci< and digital filters read respective 
input registers. 


12 


WRITE 


Write input. D AC input registers latched on positive edge of write. 


13 


SELECT 


Select Input. Select high routes input data to "1" DAC, select low routes data to "Q" DAC. 


14 


DVDD 


D igital Supply Voltage (+2.7 V to +5.5 V). 


15 


DGND 


Digital Ground. 


16 


C0MP3 


Internal Bias Node for Switch Driver Circuitry. Decoupleto AGN D with O.l^F capacitor. 


17 


QOUTA 


"0" DAC Current Output. Full-scale current when all data bits are Is. 


18 


QOUTB 


"Q" DAC Complementary Current Output. Full-scale current when all data bits are Os. 


19 


REFLO 


Reference Ground when Internal 1.2 V Reference Used. Connect to AVDD to disable internal 
reference. 


20 


REFIO 


Reference 1 nput/Output. Serves as reference input when internal reference disabled. Serves as 1.2 
reference output when internal reference activated. Requires 0.1 nF capacitor to AC OM when inter- 
nal reference activated. 


21 


FSADJ 


Full-ScaleCurrent Output Adjust. 


22 


COM P2 


Bandwidth/N oise Reduction N ode. Add 0.1 |j,F to AVD D for optimum performance. 


23 


AVDD 


Analog Supply Voltage (+2.7 V to +5.5 V). ^ 


24 


AGND 


Analog Common. 


25 


lOUTB 


Asl8only "1" DAC. ^ ^ 


26 


lOUTA 


As 17 only"!" DAC. 


27 


COM PI 


AsCOM P3 (Pin 16). 


28 


RESET/SLEEP 


Power-Down Control Input If Asserted for Four Clocl< Cycles or Longer. Reset control input if as- 
serted for less than four clocl< cycles. Active high. Conne0(ft) DGND if not used. Refer to RESET/ 
SLEEP section. aW' " 



PIN CONFIGURATION 



(MSB) DB9 
DBS 
DB7 
DB6 
DBS 
DB4 
DBS 
DB2 
DB1 
(LSB) DBO 
CLOCK 
WRITE 
SELECT 
DVDD 



AD9761 
TOP VIEW 
(Not to Scale) 



2i{ reset/slebI^ 

27] COM PI 
26] lOUTA 
25] lOUTB 
24] ACOM 
23] AVDD 
22] C0MP2 
21] FSADJ 
20] REFIO 
n\ REFLO 
is] QOUTB 
17] QOUTA 
k\ C0MP3 
15] DCOM 



-6- 



REV. 



AD9761 



DEFINITIONS OF SPECIFICATIONS 

Linearity Error (AlsoCalled Inte^al Nonlinearity or INL) 

Linearity error is defined as the maximum deviation of the 
actual analog output from the ideal output, determined by a 
straight line drawn from zero to full scale. 

Differential Nonlinearity (or DNL) 

DNL is the measure of the variation in analog value, normalized 
to full scale, associated with a 1 LSB change in digital input 
code. 

Monotonicity 

AD/A converter is monotonic if the output either increases or 
remains constant as the digital input increases 

Offset E rror 

T he deviation of the output current from the ideal of zero is 
called offset error. For lOUTA, mA output is expected when 
the inputs are all Os. For lOUTB, mA output is expected 
when all inputs are set to Is. 

Gain Error 

T he difference between the actual and ideal output span. T he 
actual span is determined by the output when all inputs are set 
to Is minus the output when all inputs are set to Os. 

Output Compliance Range 

T he range of allowable voltage at the output of a current-output 
DAC. Operation beyond the maximum compliance limits may 
cause either output stage saturation or breal<down, resulting in 
nonlinear performance. 

Temperature D rift 

Temperature drift is specified as the maximum chaopefrom the 
ambient {+25°C) value to the value at eitherTMiN*^TMAx- For 
offset and gain drift, the drift is reported in ppm of full-scale 
range(FSR) perdegreeC. For reference drift, the drift is re- 
ported in ppm per degree C . 

Povuer Supply Rejection 

T he maximum change in the full-scale output as the supplies . 
are varied from nominal to minimum and maximum specifl^jl^ 

voltages. 

SettlingTime 

The time required for the output to reach and remain within a 
specified error band about its final value, measured from the 
start of the output transition. 

Glitch Impulse 

Asymmetrical switching times in a DAC give rise to undesired 
output transients that are quantified by a glitch impulse. It is 
specified the net area of the glitch in pV-s. 

Spurious-Free Dynamic Range 

T he difference, in dB, between the rms amplitude of the output 
signal and the peak spurious signal over the specified bandwidth. 

Total Harmonic Distortion 

T H D is the ratio of the rms sum of the first six harmonic com- 
ponents to the rms value of the measured input signal. It is 
expressed as a percentage or in decibels (dB). 

Signal-to-Noiseand Distortion (S/N+D, SI NAD) Ratio 

S/N -f-D is the ratio of the rms value of the measured output 
signal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding dc. The 
value for S/N -i-D is expressed in decibels. 



Passband 

Frequency band in which any input applied therein passes 
unattenuated to the DAC output. 

Stopband Rejection 

T he amount of attenuation of a frequency outside the passband 
applied to the DAC, relative to a full-scale signal applied at the 
DAC input within the passband. 

Group Delay 

N umber of input clocks between an impulse applied at the 
device input and peak DAC output current. 

Impulse Response 

Response of the device to an impulse applied to the input. 
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AD9761- Typical AC Characterization Curves @ +5 V Supplies 

(AVDD = +5 V, DVDD = +5 V, 50 £2 Doubly Terminated Load, Differential Output, Ta = +25°C, SFDR up to Nyquist, unless otherwise noted) 



Figure 4. TBD 
Figure 7. TBD 
Figure 10. TBD 



Figures. TBD 
Figures. TBD 
Figure 11. TBD 



Figured. TBD 
Figure 9. TBD 
Figure 12. TBD 
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AD9761-Other Characterization Curves @ +5V Supplies 

(AVDD = +5 V, DVDD = +5 V, 50 £2 Doubly Terminated Load, Differential Output, Ta = +25°C, SFDR up to Nyquist, unless otherwise noted) 



Figure 13. TBD 
Figure 16. TBD 
Figure 19. TBD 



Figure 14. TBD 
Figure 17. TBD 
Figure 20. TBD 



Figure 15. TBD 
Figure 18. TBD 
Figure 21. TBD 
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FUNCTIONAL DESCRIPTION 

Figure 22 shows a simplified blocl< diagram of the AD 9761. The 
AD 9761 is a complete dual channel, high speed, 10 bit C M OS 
□ AC capable of operating up to a 40 M Hz clocl< rate. It has 
been optimized for the transmit section of wideband communi- 
cation systems employing I and Q modulation schemes. Excel- 
lent matching characteristics between channels reduces the need 
for any external calibration circuitry. Dual matching 2x interpo- 
lation filters included in the "I" and "Q" data path simplify any 
post, bandlimiting filter requirements. TheAD9761 interfaces 
with a single 10-bit digital input bus that supports interleaved 
"I" and "Q" input data. 




WRITE INPUT 
SELECT INPUT 



Figure 22. Dual DAC Functional Block Diagram 

Referring to Figure 22, theAD9761 consists of an analog sec- 
tion and a digital section. T he analog section includes matched 
"I" and "Q" 10-bit DACs, a 1.20 V bandgap voltage reference 
and a reference control amplifier. The digital section includes: 
two 2x interpolation filters; segment decoding logic; and some 
additional digital input interface circuitry. T he analog and digi- 
tal sections of the AD 9761 have separate power supply inputs 
(i.e.,AVDD and DVDD) which can operate over a 2.7 V to ^ 
5.5 V range. 

Each DAC consists of a large PM OS current source array ca- 
pable of providing up to 10 mA of full-scale current, Iquifs- 
Each array is divided into 15 equal currents which makeup the 



four most significant bits (M SBs). T he next four bits or middle 
bits consist of 15 equal current sources whose value are l/16th 
of an M SB current source. The remaining LSBs are binary 
weighted fractions of the middle-bits current sources. All of 
these current sources are switched to one or the other of two 
output nodes (i.e., lOUTA or lOUTB) viaPM OS differential 
current switches. 

The full-scale output current, Iqutfs. of each DAC is regulated 
from the same voltage reference and control amplifier thus en- 
suring excellent gain matching and drift characteristics between 
DACs. louTFs can be set from 1 mA to 10 mA via an external 
resistor, Rsej. The external resistor in combination with both 
the reference control amplifier and voltage reference, Vrefio. 
sets the reference current, Iref. which is mirrored over to the 
segmented current sources with the proper scaling factor. Iquifs 
is exactly sixteen times the value of Iref. 

The"!" and "Q" DACs are updated simultaneously on the 
rising edge of CLOCK with digital data from their respective 2x 
digital interpolation filters. The2x interpolation filters essen- 
tially multiply the input data rate of each DAC by a factor of 
two relative to its original input data rate while simultaneously 
reducing the magnitude of first image associated with the DACs 
original input data rate. Since the AD 9761 supportsa single 
10-bit digital bus with interleaved "I" and "0" input data, the 
original "I" and "Q input data rate before interpolation is one- 
half the CLOCK rate. After interpolation, the data rate into 
each "I" and "0" DAC becomes equal totheCLOCK rate. 

T he benefits of an interpolation filter are clearly seen in F igure 
23 which shows an example of the frequency and time domain 
representat^yff of a discrete time sine wave signal before and 
after it is applied to a digital interpolation filter. I mages of the 
sine wave signal appear around multiples of the DAC 's input 
data rate as predicted by the sampling theory. T hese undesirable 
images will^also appear at the output of a reconstruction DAC, 
although modified by the DAC'ssin(x)/{x) response. In many 
bandlimited applications, these images must be suppressed by 
an analog filter following the DAC. T he complexity of this ana- 
log filter is typically determined by the proximity of the desired 
fundamental to the first image and the required amount of im- 
age suppression. 
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Figure 23. Time and Frequency Domain Example of Digital Interpolation Filter 
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Referring to Figure 23, the "new" first image associated witli tlie 
D AC 's higher data rate after interpoiation is "pushed" out fur- 
ther reiative to the input signai. T he "oid" first image associated 
with the iower DAC data rate before interpoiation is suppressed 
by the digital filter. Asa result, the transition band for the ana- 
log reconstruction filter is increased thus reducing the complex- 
ity of the analog filter. 

Thedigital interpolation filters for "1" and "Q" paths are identi- 
cal 43 tap halfband symmetric FIR filters. Each filter receives 
de-interleaved "1" or "Q" data from thedigital input interface. 
The input CLOCK signal is internally divided by two to gener- 
ate the filter clock. The filters are implemented with two parallel 
paths running at the filter clock rate. T he output from each path 
is selected on opposite phases of the filter clock thus producing 
interpolated filtered output data at the input clock rate. T he 
frequency response and impulse response of these filters are 
shown in F igure 2a and 2b. T able I lists the idealized filter 
coefficients which correspond to the filter's impulse response. 

Thedigital section of theAD9761 also includes an input inter- 
face section designed to support interleaved "1" and "Q" input 
data off a single 10-bit bus. T his section de-interleaves the "1" 
and "Q" input data while ensuring its proper pairing for the 2x 
interpolation filters. A SLEEP input servesa dual function by 
providing a reset function for this section as well as providing 
power down functionality. Refer to the D IGITAL INPUT AND 
INTERFACE CONSIDERATIONS and SLEEP sections fora 
more detailed discussion. 

DAC TRANSFER FUNCTION 

Each "1" and "0" DAC provide complementary current output 
pins: IOUT(A/B) and QOUT(A/B) respectively. Note, QOUTA 
and QOUTB operate identical to lOUTA and lOUTB. lOUTA 
will provide a near full-scale current output, Ioutfs. when all 
bits are high (i.e., DAC CODE = 1023) whilelOUTB, the 
complementary output, provides no current. T he current output 
of lOUTA and lOUTB are a function of both the input code ^ 
and louTFs and can be expressed as: 1^ 

MOUTA - (DAC CODE/1024) xlouTFs (D 



houTB = (1023 - DAC CODE)/1024x louTFs (2) 
where: 

DAC CODE =0to 1023 (i.e., Decimal Representation). 

As mentioned previously, Iqutfs is a function of the reference 
current, Iref, which is nominally set by a reference, Vrefio. and 
external resistor, Rset- It can be expressed as: 

louTFs = 16xIref (3) 
where: 

IREF =VREFIO/RsET (4) 

The two current outputs will typically drive a resistive load 
directly or via a transformer. If dc coupling is required, lOUTA 
and lOUTB should be directly connected to matching resistive 
loads, R 

LOAD I which are tied to analog common, ACO M . N ote, 
Rload represents the equivalent load resistance seen bylOUTA 
or lOUTB. The single-ended voltage output appearing at lOUTA 
and lOUTB pins is simply: 

VIOUTA = IIOUTA X Rload (5) 



N ote, the full-scale value of Viouta and Vioutb should not 
exceed the specified output compliance range to maintain speci- 
fied distortion and linearity performance. 

T he differential voltage, Vidiff, appearing across lOUTA and 
lOUTB is: 

V|DiFF =(liouTA - Iioutb) X Rload (7) 

Substituting the values of I iouta- Iioutb- and Iref; Vidiff can be 
expressed as: 

Vidiff ={(2 DAC CODE - 1023)/1024)} x 

(16 Rload/Rset)x Vrefio (8) 

T hese last two equations highlight some of the advantages of 
operating the AD 9761 differentially. First, differential operation 
will help cancel common-mode error sources associated with 
liouTA and Iioutb such as noise and distortion. Second, the 
differential code dependent current and subsequent voltage, 
Vidiff, is twice the value of the single-ended voltage output (i.e., 
ViouTA or Vioutb) thus providing twice the signal power to the 
load. 

REFERENCE OPERATION 

TheAD9761 contains an internal 1.20 V bandgap reference 
which can be easily disabled and overridden by an external 
reference. REFIO serves as either an input or output depending 
on whether the,internal or an external reference is selected. If 
REFLO isflldtoACOM as shown in F igure 24, the internal 
reference is activated and REFIO provides a 1.20 V output. In 
this case, the internal reference must be compensated externally 
with a ceramic chip capacitor of 0.1 ^F or greater from REFIO 
to REFLO. Also, REFIO should be buffered with an external 
ampiifi^rViaving a low input bias current (i.e., <1 loA) if any 
additional loading is required. 



OPTIONAL EXTERNAL 

REF BUFFER FOR 
ADDITIONAL LOADS 




COMPENSATION 
CAPACrTOR 
REQUIRED 



Figure 24. Internal Reference Configuration 

The internal reference can also be disabled by connecting REFLO 
to AVD D . In this case, an external reference may then be ap- 
plied to REFIO as shown in Figure 25. The external reference 
may provide either a fixed reference voltage to enhance accuracy 
and drift performance or a varying reference voltage for gain 
control. N ote that the 0.1 |iF compensation capacitor is not 
required since the internal reference is disabled and the high 
input impedance (i.e., 1 M n) of REFIO minimizes any loading 
of the external reference. 



VIOUTB = IIOUTB xRload 



(6) 
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Figure 25. External Reference Configuration 

REFERENCE CONTROL AMPLIFIER 

TheAD9761 also contains an internal control amplifier which is 
used to simultaneously regulate both DAC's full-scale output 
current, Iqutfs- Since the "I" and "Q" I out fs are derived from 
the same voltage reference and control circuitry, excellent gain 
matching is ensured. T he control amplifier is configured as a 
V-l converter as shown in F igure 25 such that its current out- 
put, I REF, is determined bytheratiooftheVREFio and an exter- 
nal resistor, Rset, as stated in Equation (4). Iref is copied over 
to the segmented current sources with the proper scaling factor 
to set Iqutfs as stated in Equation (3). 

T he control amplifier allows a wide (10:1) adjustment span of 
Iqutfs over a 1 mA to 10 mA range by setting Iref between 
62.5 ijA and 625 ^A. The wide adjustment span of Iqutfs pro- 
vides several application benefits. The first benefit relates di- 
rectly to the power dissipation of the AD 9761's analog supply, 
AVDD, which is proportional to Iqutfs (refer to the POWER 
DISSIPATION section). The second benefit relates to the 
20 dB adjustment span which may be useful for system gain 
control purposes. 

ptimum noise and dynamic performance for the AD 9761 is ^ 
obtained with a 0.1 loF external capacitor installed between ^ 
COM P2 and AVD D . T he bandwidth of the reference control 
amplifier is limited to approximately 5 kH z with a 0.1 |a,F ca- 
pacitor installed. Since the -3 dB bandwidth corresponds to the 
dominant pole and hence its dominant time constant, the set- 
tling time of the control amplifier to astepped reference input 
response can be easily determined. N ote, the output of the 
control amplifier, COM P2, is internally compensated via a 
50 pF capacitor thus ensuring its stability if no external capaci- 
tor is added. 



Depending on the requirements of the application, Iref can be 
adjusted by varying either Rset, or in the external reference 
mode, by varying the REFIO voltage. Iref can be varied for a 
fixed Rset by disabling the internal reference and varying the 
voltage of REFIO over its compliance range of 1.25 V to 0.10 V. 
REFIO can be driven by a single-supply amplifier or DAC thus 
allowing Iref to be varied for a fixed Rset. Since the input im- 
pedance of REFIO is approximately 1 M £2, a simple, low cost 
R-2R ladder DAC configured in the voltage mode topology may 
be used to control the gain. T his circuit is shown in F igure 26 
using the AD7524 and an external 1.2 V reference, theAD1580. 

ANALOG OUTPUTS 

As previously stated, both the "I" and "Q" DACs produce two 
complementary current outputs which may be configured for 
single-end or differential operation. Iiquta and Iiqutb can be 
converted into complementary single-ended voltage outputs, 
ViouTA and Viqutb, via a load resistor, Rlqad, as described in 
theDAC TRANSFER SECTION by Equations 5 through 8. 
T he differential voltage, Vidiff. existing between Viquta and 
Viqutb can also be converted to a single-ended voltage via a 
transformer or differential amplifier configuration. 

Figure 27 shows an equivalent circuit of the AD976rs "I" (or 
"0") DAC output. It consists of a parallel array of PM OS cur- 
rent sources in which each current source is switched to either 
lOUTA or lOU I B via a differential PM OS switch. Asa result, 
the equivalent output impedance of lOUTA and lOUT B re- 
mains quite high (i.e., >100 kQ. and 5 pF ). 
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Figure 27. Equivalent Circuit of the AD9761 DA C Output 

lOUTAandlOUTB have a negative and positive voltage com- 
pliance range which must be adhered to achieve optimum per- 
formance. T he negative output compliance range of -1 V is set 
by the breal<down limits of the CM OS process. Operation be- 
yond this maximum limit may result in a breal<down of the 
output stage. 
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Figure 26. Single-Supply Gain Control Circuit 
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T he positive output compiiance range is siiglitiy dependent on 
tlie fuii-scaie output current, Ioutfs^ It degrades siightiy from 
its nominai 1.25 V for an lOUTFS = 10 mA to 1.00 V for an 
IOUTFS = 2inA. Appiications requiring tlie A D9761's output 
(i.e., VouTA and/or Vqutb) to extend to its output compliance 
range shouid size Rload accordingiy. Operation beyond this 
compiiance range wiii adversely affect tlie AD 976rs iinearity 
performance and subsequentiy degrade its distortion perfor- 
mance. N ote, the optimum distortion performance of the 
AD 9761 is obtained by restricting itsoutput(s) as seen at 
IOUT(A/B) and QOUT(A/B) to within ±0.5 V. 

DIGITAL INPUTS AND INTERLEAVED INTERFACE 
CONSIDERATIONS 

TheAD9761 digital interfaceconsistsof 10 data input pins, a 
clock input pin, and three control pins. It is designed to support 
a clock rate up to 40 M SPS. T he 10-bit parallel data inputs 
follow standard positive binary coding, whereDB9 isthemost 
significant bit (M SB) and DBO is the least significant bit (LSB). 
lOUTA (or QOUTA) produces a full-scale output current when 
all data bits are at iogic 1. lOUTB (orQOUTB) producesa 
complementary output, with the full-scale current split between 
the two outputs as a function of the input code. 



CLOCK 
SELECT 
RESET/SLEEP 
WRITE 




DIV2CLK 



Figure 28. Block Diagram of Digitai Interface 

The AD 9761 interfaces with a single 10-bit digital input bus 
that supports interleaved "I" and "Q" input data. Figure 28 
shows a simplified block diagram ofthedigital interface circuitry 
consisting of edge triggered registers, two multiplexes, and a 
state machine. Interleaved "I" and "Q" input data is presented 
at the DATA input bus, where it is then latched into the se- 
lected "I" or "Q" data register on the rising edge of the WRIT E 
input. T he output of these data registers is transferred in pairs 
to the interpolator filters' inputs after each "Q" write on the 
rising edge of the CLOCK input (refer to Timing Diagram in 
Figure 2). A state machine ensures the proper pairing of "I" and 
"Q" input data to the interpolation filter's inputs. 

The SELECT signal atthetimeof the rising edge of the WRITE 
signal determines which data register latches the input data. If 
SELECT is high around the rising edge of WRITE the data is 
latched into the "I" register of the AD 9761. If SELECT is low 
around the rising edgeof theWRITE, the data islatched into 



the"Q" register of the AD 9761. If SELECT is kept in one state 
while data is repeatedly writing to the AD 9761, the data will be 
written into the selected register at half the input data rate since 
the data is always assumed to be interleaved. 

T he state machine controls the generation of the divided clock 
and hence pairing of "I" and "Q" data inputs. After the AD 9761 
is reset, the state machine keeps track of the paired "I" and "Q" 
data. The state transition diagram is shown in Figure 29 in 
which all the states are defined. A transition in state occurs 
upon the rising edge of CLOCK and is function of the current 
state as well as statusof SELECT, WRITE, and SLEEP. The 
state machine can be reset by asserting a logic level "1" to the 
SLEEP input for less than four clock cycles. The most recent 
"I" and "0" data samples are transferred to the correct interpo- 
lation filter only upon entering state PAIR. 




I = I WRITE and CLOCK 
Q = Q WRITE and CLOCK 
N = CLOCK Only, No Write 



Figure 29. State Transition Diagram ofAD9761 Digital 
Interface 

Thedifral inputs are CM OS compatible with logic thresholds, 
Vthreshold set to approximately half the digital positive supply 
(DVDD) orVxHRESHOLD = DVDD/2 (±20%). 

Theinternal digital circuitry of theAD9761 is capable of oper- 
ating over a digital supply range of 2.7 V to 5.5 V. As a result, 
the digital inputs can also accommodate TTL levels when DVDD 
is set to accommodate the maximum high level voltage, Voh(max). 
oftheTTL drivers. A DVDD of 3 V to 3.3 V will typically 
ensure proper compatibility of most TTL logic families. Figure 
30 shows the equivalent digital input circuit for the data, sleep, 
and clock inputs. 




Figure 30. Equivalent Digital Input 

Since the AD 9761 is capable of being updated up to 40 M SPS, 
the quality of the clock and data input signals are important in 
achieving the optimum performance. T he drivers of the digital 
data interface circuitry should be specified to meet the mini- 
mum set-up and hold-times of the AD 9761 as well as its re- 
quired min/max input logic level thresholds. The external clock 
driver circuitry should provide the AD 9761 with a low jitter 
clock input meeting the min/max logic levels while providing 
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fast edges. Fast clock edges will help mlnlnnlze any jitter which 
can manifest Itself as phase noise on a reconstructed waveform. 

Digital signal paths should be kept short, and run lengths 
matched to avoid propagation delay mismatch. T he Insertion of 
a low value resistor network (I.e., 20 £2 to 100 £2) between the 
AD 9761 digital Inputs and driver outputs may be helpful In 
reducing any overshooting and ringing at the digital Inputs 
which contributes to data feedthrough. Also, operating the 
AD 9761 with reduced logic swings and a corresponding digital 
supply (DVDD) will also reduce data feedthrough. 



Conversely, Idvdd Is dependent on both the digital Input wave- 
form, FcLocK. and digital supply DVDD . Figures 32 and 33 
show I DVDD as a function of a full-scale sine wave output ratio's 
(Fqut/F clock) for various update rate with DVDD = 5 V and 
DVD D = 3 V respectively. N ote, how Iqvdd is reduced by more 
than a factor of 2 when DVDD is reduced from 5.0 V to 3 V. 



RESET/SLEEP MODE OPERATION 

The RE SET /SLEEP Input can be used to either power-down 
the AD 9761 or reset Its Internal digital Interface logic. If the 
RESET/SLEEP Input Is asserted for under four clock cycles by 
applying a logic level "1," the Internal state machine will be 
reset. However, If the RESET/SLEEP Input Is asserted for four 
clock cycles or longer, the power-down function of the AD 9761 
will be Initiated. T he power-down function turns off the output 
current and reduces the supply current to less than 9 mA over 
the specified supply range of 2.7 V to 5.5 V and temperature 
range. 

The power-up and power-down characteristics of the AD 9761 Is 
dependent upon the value of the compensation capacitor con- 
nected to COM PI and COM P3. With a nominal value of O.l^iF, 
the AD 9761 takes less than 5 us to power down and approxi- 
mately 3.25 ms to power back up. 



TBD 



Figure 32. Idvdd vs. Ratio @ DVDD =5V 



POWER DISSIPATION 

T he power dissipation, Pq, of the AD 9761 Is dependent on 
several factors which Include: (1) AVDD and DVDD, the power 
supply voltages; (2) Iqutfs, the full-scale current output; (3) 
FcLocK. the update rate; (4) and the reconstructed digital Input 
waveform. The power dissipation Is directly proportional to the 
analog supply current, Uvdd. and the digital supply current, 
Idvdd- Iavdd Is directly proportional to Iqutfs as shown In Flg-^ 
ure46 and Is Insensltlveto FcLocK- 



TBD 



Figure 33. Idvdd vs. Ratio @ DVDD =3V 



TBD 



Figure 31. Iavdd vs. Iqutfs 
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APPLYING THE AD9761 
OUTPUT CONFIGURATIONS 

T he following sections illustrate some typical output configura- 
tions for the AD 9761. U niess otherwise noted, it is assumed 
that louTFs is set to a nominal 10 mA. For applications requir- 
ing the optimum dynamic performance, a differential output 
configuration is suggested. A differential output configuration 
may consist of either an RF transformer or a differential op amp 
configuration. T he transformer configuration provides the opti- 
mum high frequency performance and is recommended for any 
application allowing for ac coupling. T he differential op amp 
configuration is suitable for applications requiring dc coupling, a 
bipolar output, signal gain, and/or level shifting. 

A single-ended output is suitable for applications requiring a 
unipolar voltage output. A positive unipolar output voltage will 
result if lOUTA and/or lOUTB is connected to an appropri- 
ately sized load resistor, Rload. referred to ACOM . T his 
configuration may be more suitable for a single-supply system 
requiring a dc coupled, ground referred output voltage. Alterna- 
tively, an amplifier could be configured as an l-V converter thus 
converting Iquta or Iqutb into a negative unipolar voltage. This 
configuration provides the best dc linearity since lOUTA or 
lOUTB is maintained at a virtual ground. 

DIFFERENTIAL COUPLING USING A TRANSFORMER 

An RF transformer can be used to perform a differential-to- 
single-ended signal conversion as shown in Figure 49. A differen- 
tially coupled transformer output provides the optimum distortion 
performance for output signals whose spectral content lies within 
the transformers passband. An RF transformer sud^sthe M ini 
CircuitsTl-lT provides excellent rejection of corrimon-mode 
distortion (i.e., even-order harmonics) and noise over a wide 
frequency range. It also provides e[ectrical isolation and the 
ability to deliver twice the power to the load. T ransformers with 
different impedance ratios may also be used for impedance 
matching purposes. N ote that the transformer provides ac cou- 
pling only. 




Figure 34. Differential Output Using a Transformer 

T he center-tap on the primary side of the transformer must be 
connected to AC M to provide the necessary dc current path 
for both Iquta and Iqutb. T he complementary voltages appear- 
ing at lOUTA and lOUTB (i.e., Vquta and Vqutb) swing sym- 
metrically around ACOM and should be maintained with the 
specified output compliance range of theAD9761. A differential 
resistor, Rqiff. niay be inserted in applications in which the 
output of the transformer is connected to the load, Rload. via a 
passive reconstruction filter or cable requiring double termina- 
tion. Rdiff is determined by the transformer's impedance ratio 
and provides the proper source termination which results in a 
low VSW R. N ote that approximately half the signal power will 
be dissipated across Rdiff- 



DIFFERENTIAL USING AN OP AMP 

An op amp can also be used to perform a differential to single- 
ended conversion as shown in Figure 35. The AD 9761 is config- 
ured with two equal load resistors, Rload, of 50 Q.. T he differential 
voltage developed across lOUTAandlOUTB is converted to a 
single-ended signal via the differential op amp configuration. An 
optional capacitor can be installed across lOUT A and lOUTB 
forming a real pole in a low-pass filter. T he addition of this 
capacitor also enhances the op amps distortion performance by 
preventing the DACs high slewing output from overloading the 
op amp's input. 
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Figure 35. DC Differential Coupling Using an Op Amp 

T he common-mode rejection of this configuration is typically 
determined by the resistor matching. In this circuit, the differen- 
tial op amp circuit using the AD 8042 is configured to provide 
some additional signal gain. T he op amp must operate off of a 
dual supply since its output is approximately ±1.0 V. A high 
speed amplifier capable of preserving the differential performance 
of theAD9761 while meeting other system level objectives (i.e., 
cost, power) should be selected. The op amps differential gain, its 
gain setting resistor values, and full-scale output swing capabili- 
ties should all be considered when optimizing this circuit. 

T he differential circuit shown in F igure 36 provides the neces- 
sary level-shifting required in a single supply system. In this 
case, AVD D which is the positive analog supply for both the 
AD 9761 and the op amp is also used to level-shift the differen- 
tial output of the AD 9761 to midsupply (i.e., AVD D/2). 




■W( OAVDD 



Figure 36. Single-Supply DC Differential Coupled 
Circuit 

SINGLE-ENDED UNBUFFERED VOLTAGE OUTPUT 

Figure 37 shows the AD 9761 configured to provide a unipolar 
output range of approximately V to -l-l.O V since the nominal 
full-scale current, Iqutfs. of 10 mA flows through an Rload of 
100 Q.. In the case of a doubly terminated low-pass filter, Rload 
represents the equivalent load resistance seen by lOUTA or 
lOUTB. The unused output (10 UT A orlOUTB) can be con- 
nected to ACOM directlyor via a matching Rload- Different 
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values of Iqutfs and Rload can be selected as long as the posi- 
tive compliance range Is adhered to. 
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the management of analog and digital ground currents In a system. 
I n general, AVD D , the analog supply, should be decoupled to 
ACOM , the analog common, as close to the chip as physically 
possible. Similarly, DVDD, the digital supply should be decoupled 
to DCOM as close as physically as possible. 

For those applications that require a single +5 V or +3 V supply 
for both the analog and digital supply, a clean analog supply 
maybe generated using the circuit shown In Figure 39. The 
circuit consists of a differential LC filter with separate power 
supply and return lines. Lower noise can be attained using low 
ESR type electrolytic and tantalum capacitors. 



Figure 37. OVto -h0.5V Unbuffered Voltage Output 

DIFFERENTIAL, DC COUPLED OUTPUT 
CONFIGURATION WITH LEVEL SHIFTING 

Some applications may require the AD 9761 differential outputs 
to Interface to a single supply quadrature upconverter. Although 
most of these devices provide differential Inputs, Its common- 
mode voltage range does not typically extend to ground. As a 
result, the ground-referenced output signals shown In Figure 37 
must be level shifted to within the specified common-mode 
range of the single- supply quadrature upconverter. F Igure 38 
shows the addition of a resistor pull-up network which provides 
the level shifting function. T he use of matched resistor networks 
will maintain maximum gain matching and minimum offset 
performance between the! and Q channels. Note, the resistor 
pull-up network will Introduce approximately 6 dB of signal 
attenuation. 
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Figure 38. Differentiai, DC Coupled Output Configuration 
with Level-Shifting. 

POWER AND GROUNDING CONSIDERATIONS 

In systems seeking to simultaneously achieve high speed and 
high performance, the Implementation and construction of the 
printed circuit board design Is often as Important as the circuit 
design. Proper RF techniques must be used In device selection; 
placement and routing; and supply bypassing and grounding. 
The evaluation board for the AD 9761 which uses a four layer 
PC board serves as a good example for the above mentioned 
considerations. The evaluation board provides an Illustration of 
the recommended printed circuit board ground, power, and 
signal plane layout. 

Proper grounding and decoupling should be a primary objective 
In any high speed, high resolution system. The AD 9761 features 
separate analog and digital supply and ground pins to optimize 



Figure 39. Differential LC Filter for Single -h5Vor+3V 
Applications 

M aintalning low noise on power supplies and ground Is critical 
to obtaining optimum results from theAD9762. If properly 
Implemented, ground planes can perform a host of functions on 
high speed circuit boards: bypassing, shielding, current trans- 
port, etc. In mixed signal design, the analog and digital portions 
of the board should fe#dlstlnct from each other, with the analog 
ground plane confined to the areas covering the analog signal 
traces and the digital ground plane confined to areas covering 
the digital Interconnects. 

All analog ground pinsof theDAC, reference, and other analog 
components, should be tied directly to the analog ground plane. 
The two ground planes should be connected by a path 1/8 to 1/4 
talprh wide underneath or within 1/2 Inch of the DAC to maln- 
^^taln optimum performance. Care should betaken to ensure that 
the ground plane Is uninterrupted over crucial signal paths. On 
the digital side, this Includes the digital Input lines running to 
the DAC as well as any clock signals. On the analog side, this 
Includes the DAC output signal, reference signal, and the sup- 
ply feeders. 

The use of wide runs or planes In the routing of power lines Is 
also recommended. T his serves the dual role of providing a low 
series Impedance power supply to the part, as well as, providing 
some "free" capacltlve decoupling to the appropriate ground 
plane. It Is essential that care betaken In the layout of signal and 
power ground Interconnects to avoid Inducing extraneous volt- 
age drops In the signal ground paths. Its Is recommended that 
all connections be short, direct and as physically close to the 
package as possible. In order to minimize the sharing of conduc- 
tion paths between different currents. When runs exceed an Inch 
In length, strip line techniques with proper termination resistor 
should be considered. The necessity and valueof this resistor 
will be dependent upon the logic family used. 

For a more detailed discussion of the Implementation and con- 
struction of high speed, mixed signal printed circuit boards, 
refer to Analog Devices' application notes AN -280 and AN -333. 
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APPLICATIONS 

Using the AD 9761 for QAM Modulation 

QAM is one of the most widely used digital modulation schemes 
in digital communication systems. This modulation technique 
can be found in both FDM as well as spread spectrum (i.e., 
CDMA) based systems. A QAM signal is a carrier frequency 
which is both modulated in amplitude (i.e., AM modulation) 
and in phase (i.e., PM modulation). It can be generated by 
independently modulating two carriers of identical frequency 
but with a90° phase difference. This results in an in-phase{l) 
carrier component and a quadrature (Q) carrier component at a 
90° phase shift with respect to the I component. T he I and Q 
components are then summed to provide a QAM signal at the 
specified carrier frequency. 

A common and traditional implementation of a QAM modula- 
tor is shown in F igure 40. T he modulation is performed in the 
analog domain in which two DACs are used to generate the 
baseband I and Q components, respectively. Each component is 
then typically filtered applied to a N yquist filter before being 
applied to a quadrature mixer. T he matching N yquist filters 
shapes and limits each components spectral envelope while 
minimizing intersymbol interference. The D AC istypically 



updated at the QAM symbol rate or possibly a multiple of it if 
an interpolating filter precedes the D AC. T he use of an interpo- 
lating filter typically eases the implementation and complexity of 
the analog filter which can be a significant contributor to mis- 
matches in gain and phase between the two baseboard channels. 
A quadrature mixer modulates the I and Q components with in- 
phase and quadrature phase carrier frequency and then sums the 
two outputs to provide theQAM signal. 







lOUT 


DSP 






OR 


AD9761 


ASIC 


QOUT 




QUADRATURE 
MODULATOR 



Figure 40. Typical Anaiog QAM Architecture 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



28- Lead Shrink Small Outli ne Package (SSO P) 
(RS-28) 



0.407 (10.34) 




0.078(1.98) PIN1 
0.068(1.73) 



0.07(1.79) 
0.066(1.67) 



0.008 (0.203) 
0.002 (0.050) 



0.0256 0.015 (0.38) 



(0.65) 
BSC 



0.010 (0.25) 



SEATING 0.009(0.229) 

PLANE ^ 

•^'-'*™'= 0.005(0.127) 



0.03 (0.762) 
0.022 (0.558) 
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